Aims In cardiomyocytes, protein kinase D1 (PKD1) plays a central role in the response to stress signals. From a yeast two-hybrid assay, we have identified Enigma Homolog 1 (ENH1) as a new binding partner of PKD1. Since in neurons, ENH1, associated with protein kinase C1, was shown to modulate the activity of N-type calcium channels, and the pore-forming subunit of the cardiac L-type voltage-gated calcium channel, a1C, possesses a potential phosphorylation site for PKD1, we studied here a possible role of ENH1 and PKD1 in the regulation of the cardiac L-type voltage-gated calcium channel. Methods and results PKD1-interacting proteins were searched by yeast two-hybrid screening. In vivo protein interactions in cardiomyocytes isolated from heart ventricles of newborn rats were tested by co-immunoprecipitation. Small interfering RNA and a dominant negative mutant of PKD1 were delivered into cardiomyocytes by use of an adenovirus. Calcium currents were measured by the patch-clamp technique. Both ENH1 and PKD1 interact with a1C in cardiomyocytes. This interaction is increased upon stimulation. Silencing of ENH1 prevented the binding of PKD1 to a1C. Moreover, a dominant negative mutant of PKD1 or the silencing of ENH1 inhibited the a-adrenergic-induced increase of L-type calcium currents. Conclusion We found a new binding partner, ENH1, and a new target, a1C, for PKD1 in neonatal rat cardiomyocytes. We propose a model where ENH1 scaffolds PKD1 to a1C in order to form a signalling complex that regulates the activity of cardiac L-type voltage-gated Ca 2þ channels.
Introduction
In heart, neurohumoral factors or mechanical stress activate intracellular signalling pathways that induce increases in contraction frequency and strength and lead ultimately to hypertrophy and heart failure. 1, 2 The effectors of signalling pathways modulate the activities of many proteins residing at different subcellular localizations, simultaneously or sequentially, to achieve the cardiomyocyte response to the stimuli. Therefore, effectors such as protein kinases have to be selectively translocated to various locations: e.g. protein kinase C1 (PKC1) is localized at transverse tubules after endothelin-1 stimulation or at the Z-discs after arachidonic acid stimulation. 3, 4 Anchoring and scaffolding proteins, such as A-kinase anchoring proteins (AKAP) and the Receptors for Activated C Kinase, are the proteins that fasten signalling enzymes at specific subcellular locations in close proximity to their targets. 5, 6 In cardiomyocytes, AKAP15 anchors protein kinase A (PKA) to the L-type voltage-gated calcium channels (L-VCC) after b-adrenergic stimulation, ensuring selective and efficient regulation of L-VCC. 7 The cardiac L-VCC activity is regulated by various kinase that phoshorylate the a1C subunit. [8] [9] [10] [11] It has been suggested that PKD1 might phosphorylate serine 1928 of a1C which is surrounded by a PKD1 consensus sequence. 8 PKD1 is activated downstream of PKC in various signalling pathways acting at different subcellular localizations. 12 In neonatal rat cardiomyocytes, PKD1 is localized at the Z-discs after a-adrenergic stimulation. 13 In heart, under stress signalling, PKD1 contributes to the development of heart hypertrophy.
14 PKD1 also phosphorylates different proteins of the myofibrils, such as cardiac troponin I, telethonin, myosin-binding protein C, and myomesin. 15 In the initial stage of this study, using a yeast two-hybrid (Y2H) screen, we identified ENH1 as a new binding partner of PKD1. ENH1 is a member of the PDZ-LIM protein family and suspected to play a role in cell signalling. 16, 17 ENH1 is composed of an N-terminal PDZ domain and a C-terminal domain containing three LIM motifs. 17 ENH1 was shown to interact with a-actinin, thus localizing at the Z-discs in neonatal rat cardiomyocytes. 18 In neurons, ENH1 recruits PKC1 to N-type calcium channels, regulating their activity. 19 From these data, we hypothesized that ENH1 could scaffold PKD1 at cardiac L-VCC, leading to the regulation of its activity.
In the present study, we show that ENH1 and PKD1 interact with a1C, the pore subunit of L-VCC in neonatal rat cardiomyocytes. ENH1 silencing with small interfering RNA (siRNA) suppressed the interaction of PKD1 with a1C. Moreover, both ENH1 silencing and expression of a dominant negative mutant of PKD1 strongly inhibited the a-adrenergic, but not the b-adrenergic, up-regulation of L-type Ca 2þ currents in neonatal rat cardiomyocytes. Taken together, our results strongly suggest that ENH1, PKD1, and a1C form a signalling complex that regulates the activity of L-VCC in cardiomyocytes.
Methods

Construction and cloning of plasmids and deletion mutants
Constructions of the flag epitope-tagged ENH1, an ENH1 PDZ deletion mutant (dPDZ-FL), and a hemmaglutinin (HA)-tagged PKD1 have been described previously. 17, 20 a1C (NCBI, Acc. X15539) containing the complete coding sequence of the rabbit cardiac dihydropyridine-sensitive calcium channel fused to a myc-tag was kindly provided by Professor Lutz Birnbaumer (see Supplementary material online). Deletion mutants of the rat ENH1 LIM domains were created by PCR of the full length construct using the following reverse primers:
0 -GTAAAGCTTTCAGAA ATTCACAGAATGAGCA CATAGCT-CACA ATACA-3 0 (ENH1 lacking 2 LIM domains at the C-terminus, d2LIM-FL) and 5 0 -GTAAAGCTTTCAGAAATTCACAGAATGCATGGGAGTC CGCTTCA-3 0 (ENH1 lacking the 3 LIM domains, d3LIM-FL). They were all amplified with a forward primer targeting the vector (5 0 -ATTGGCTGAGCTGCGTTCTA-3 0 ) and cloned into the same vector using NcoI and HindIII sites. A stop codon was fused to the amplified sequence (bold). Sequences of all constructs were verified.
2.2 Yeast two-hybrid, b-galactosidase assay Y2H was performed as described previously. 17, 21 For the first Y2H screening, the catalytic domain of PKD1 and a Hela cDNA library were inserted into the bait plasmid pGilda and the prey plasmid pB42AD (Clontech), respectively. Secondly, to identify the interacting regions of the two proteins, the PDZ (1-97 amino acid) or LIM1-3 domains (415-585 amino acids) of rat ENH1 and the catalytic or the pleckstrin homology (PH) domain of PKD1 were inserted into the bait plasmid pGilda and the prey plasmid pB42AD, respectively.
Relative b-galactosidase activity (U/min/ml-medium) was calculated by using the following equation, U ¼ 1000 Â DA 578 / (t Â 0.25 Â A 600 ).
Cell culture
Neonatal rat ventricular myocytes were prepared as described previously. 18 Animals were sacrificed in conformity with the Guide for the Care and Use of Laboratory Animals published by the NIH (Publication no. 1996) . The cardiomyocytes were transferred to culture plates, and fibroblasts were removed by adhesion onto the plates for 1 h. The cardiomyocytes were then plated overnight and maintained in DMEM, containing 10% fetal bovine serum (FBS), 2 mM L-glutamine, 100 units/mL penicillin, and 100 mg/mL streptomycin. The 293T cells were cultured in DMEM, containing 10% FBS, 100 units/mL penicillin, and 100 mg/mL streptomycin, and transfected using Fugene6 (Roche) following the manufacturer recommendations.
Western blotting and co-immunoprecipitation
Proteins were extracted using a lysis buffer (in mM, 50 Tris, 150 NaCl, 1 EDTA, 1 EGTA, 1 dithiothreitol, 50 NaF, 1 Na 3 VO 4, pH 7.4, 0.5% sodium deoxylate, 1% Nonidet P-40, and a tablet of protease inhibitors, Roche). The lysate was passed through a 25-gauge needle 12 times then centrifuged 20 min at 3000 r.p.m. Total cell lysates were resolved by 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) for the detection of ENH1 and PKD1 and 8% SDS-PAGE for the detection of a1C. Proteins were transferred to polyvinylidene difluoride membranes (Millipore) and immunoblotted with the indicated antibody. As secondary antibodies, an anti-mouse or an anti-rabbit IgG linked to horseradish peroxidase (GE Healthcare Biosciences Corp.) or anti-rabbit IgG TrueBolt (eBioscience) was used. Proteins were visualized by enhanced chemiluminescence using a Biorad molecular imager gel documentation system, Chemidoc XRS (Biorad Inc.). For immunoprecipitation, 200 mg proteins from cell lysate was incubated with an anti-ENH1 polyclonal antibody, 18, 19 an anti-PKD1 polyclonal antibody, 13 or an anti-a1C polyconal antibody (Alomone labs) on ice for 1 h and then mixed with protein G-Sepharose 4 fast flow beads (30 mL, 50% slurry). The beads were thoroughly washed with the lysis buffer and subjected to western blotting (WB) as described earlier.
RNA interference
The 'hairpin strategy' was used to design siRNA. 22 Human U6 promoter sequence was amplified from genomic DNA by nested PCR using the following primers: 0 for the second PCR. The second PCR amplicon was cloned using EcoRI into a shuttle vector. The siRNA was cloned by the standard procedure: a forward primer specific for the vector (5 0 -CCGATTTCGGCCTATTGGT-3 0 ) and a reverse primer containing a portion that anneals with the 3 0 end of the U6 promoter and the specific hairpin sequence of ENH1 corresponding to positions 1698-1718 (ENH1-5) or 1452-1472 (ENH1-6) of cording sequence (ENH1-5;
0 ) were used to amplify the vector carrying the U6 promoter. All PCRs were performed using Pfx polymerase (Invitrogen). We selected sequences unique for rat ENH1 in the NCBI cDNA database. The PCR fragments obtained were cut using BglII and XbaI and cloned into a shuttle vector to construct the vector-based ENH1-RNAi.
ENH1 and PKD1 regulates L-type calcium channel
Adenovirus vector constructs
Recombinant human adenoviruses-5 encoding a dominant negative mutant of PKD1 tagged with the green fluorescent protein (GFP), 23 ENH1-5 RNAi, ENH1-6 RNAi, and the control RNAi were constructed, amplified, and purified as described previously. 24 
RNase protection assay
RNase protection assay (RPA) was performed as described previously. 25 Total RNA was extracted from neonatal rat cardiomyocytes with an acid phenol-guanidinium reagent (TRI-Reagent, Molecular Research Center, Inc.) according to the manufacturer's instructions. The riboprobe was prepared from the rat ENH cDNA and subcloned in pGEM-T-easy (Promega). Transcription with T7 RNA polymerase of the BamHI-linearized plasmid yielded a riboprobe of 266 nucleotides (nt), and a 207-nt protected fragment. As an internal control for RNA loading, a rat GAPDH probe was included in the hybridization mixture. The GAPDH plasmid digested with HinfI produced a riboprobe of 185-nt and a 154-nt protected band after RNase digestion. Autoradiographic signals were detected with a PhosphoImager (Molecular Dynamics, Inc.).
Patch-clamp
The activity of L-VCC in a single neonatal rat cardiomyocyte was recorded by patch-clamp in the voltage-clamp mode and the whole cell configuration. 26 The bath solution contained (in mM) 125 N-methyl-D-glucamine, 5 4-aminopyridine, 20 tetraethylammonium chloride, 2 CaCl 2 , 2 MgCl 2 , 10 D-glucose, and 10 Hepes, pH 7.4. The patch pipettes solution contained (in mM) 130 CsCl, 10 EGTA, 3 MgATP, 0.4 LiGTP, and 25 Hepes, pH 7.2. The reference electrode was placed in a KCl solution linked to the bath with an agar bridge, reducing the liquid junction potential to negligible values. The cell was voltage-clamped using an Axopatch 200B amplifier (Axon CNS, Molecular Devices) at a holding potential of 240 mV to avoid T-type Ca 2þ currents contamination and depolarized as indicated in the figure legends. The currents were filtered at 1-2 kHz and sampled at 5 kHz using a Digidata 1322A (Axon CNS). The leak was subtracted automatically by a P/4 protocol (pclamp9, Axon CNS). Cardiomyocytes were stimulated with either Isoproterenol (Iso) or Phenylephrine (PE) (Sigma-Aldrich).
Results
PKD1 interacts with the LIM2 domain of ENH1
In the initial stage of this study, we aimed at identifying proteins interacting with PKD1. A first Y2H screening of a Hela cell cDNA library using the catalytic domain of PKD1 as bait could identify ENH1 (data not shown). To further specify the interacting regions of the two proteins, we performed the second Y2H and found that the interaction between the PKD1 catalytic domain and ENH1 LIM1-3 domains was as strong as our positive control ( Figure 1A) . As for other protein motifs in PKD1, the PH domain neither interacted with the PDZ domain nor with the LIM1-3 domains of ENH1. This result suggests that ENH1 and PKD1 may interact with each other in cardiomyocytes, where both proteins are expressed. 13, 17, 18, 27 We tested the interaction between ENH1 and PKD1 in neonatal rat cardiomyocytes by immunoprecipitation. Both ENH1 and PKD1 were detected by immunoblotting in PKD1 and ENH1 immunoprecipitates, respectively, the interaction being stronger after PE stimulation than without any stimulation ( Figure 1B) . PE, an a-adrenergic agonist is known to activate PKD1. 13, 27 Thus these results strongly suggest that these proteins interact in vivo, and that a-adrenergic stimulation enhanced this interaction. In order to identify which one of the three ENH1 LIM1-3 motifs mediates the interaction with PKD1, we constructed deletion mutants with a flag tag, as depicted in Figure 2A . We then co-expressed them in 293 cells with the full-length HA-tagged PKD1 (HA-PKD1). Immunoprecipitation experiments showed that d2LIM-FL and d3LIM-FL could not be detected in HA-PKD1 immunoprecipitates. These results show that the LIM2 motif of ENH1 is responsible for the interaction with PKD1. Thus, the catalytic domain of PKD1 and the LIM2 motif of ENH1 are involved in the interaction between the two proteins.
ENH1 and PKD1 interact with the a1C subunit of the L-VCC
In neurons, ENH1 recruits PKC1 to the N-type voltage-gated Ca 2þ channel. 20 We therefore hypothesized that PKD1 bound to ENH1 could similarly be recruited to LVCC in neonatal rat cardiomyocytes. In order to test this, cardiomyocytes were stimulated or not with PE for 20 min and total proteins were extracted and split in three for parallel immunoprecipitations. Each binding partner was immunoprecipitated and the complex formation was examined by WB analysis. Upon PE stimulation PKD1 and ENH1 were detected by immunoblotting in the a1C immunoprecipitates ( Figure 3) . Concomitantly, PKD1 and a1C, or ENH1 and a1C were detected in the ENH1 and PKD1 immunoprecipitates, respectively. Interestingly, under non-stimulated conditions these proteins also co-immunoprecipitated, but to a much lower extent ( Figure 3) . However, in non-stimulated conditions, PKD1 was detected in immunoprecipitation from cell lysates that were not split (data not shown). Immunofluorescence showed colocalization between ENH1 and a1C in cardiomyocytes (see Supplementary material online, Figure S1 ). This suggests that ENH1, PKD1, and a1C complex formation is enhanced upon PE stimulation.
Dominant negative PKD1 mutant prevents the a-adrenergic-induced increase of L-type Ca 21 currents
To test if PKD1 can modulate the activity of L-VCC, we measured the L-type Ca 2þ currents in neonatal rat cardiomyocytes by patch-clamp. The application of 20 mM PE or 1 mM ISO induced a significant increase of L-type Ca 2þ current density (81% for ISO and 53% for PE, Figure 4A ) as previously reported. 28 Because no specific inhibitors for PKD1 are currently available, a dominant negative mutant of PKD1 tagged with GFP (PKD1-DN-GFP) was expressed in neonatal rat cardiomyocytes using an adenoviral vector. Currents were measured at 24-36 h after the infection. The spontaneous contractions and the morphology of cardiomyocytes were not affected by the expression of PKD1-DN-GFP (data not shown). The membrane capacitance of cardiomyocyte, reflecting the membrane surface, was also not significantly changed (control: 17.00 + 2.08pF, n ¼ 19, PKD1-DN-GFP: 18.60 + 1.13pF, n ¼ 20, values are mean and s.e.m). In the PKD1-DN-GFP cardiomyocytes, PE 20 mM did not induce an increase of the L-type Ca 2þ current density as observed in the control cells ( Figure 4B) . However, 1 mM ISO caused an increase in the L-type Ca 2þ current density similar to the control cardiomyocytes ( Figure 4B) .
PKC is assumed to mediate the activation of L-VCC and PKD1 in cardiac cell. 10, 28 Inhibition of PKC using specific inhibitors, Chelerythrine and GF109203X, completely blocked the increase of calcium currents in response to PE (see Supplementary material online, Figure S2 ), suggesting that the PKD1 modulation of L-VCC activity is mediated by PKC.
The regulation of L-VCC by PKD1 might be mediated by the phosphorylation of serine residues on a1C. The C-terminal domain of a1C contains two serine residues occurring in a consensus site specific for PKD1 (LXRXXS).
11
In vitro phosphorylation assay showed that recombinant Neonatal rat cardiomyocytes were stimulated or not with PE for 20 min and protein were extracted. PKD1, a1C, and ENH1 were immunoprecipitated using their respective specific antibodies. Immunoprecipitates were analysed by WB (n ¼ 3-5) using anti-PKD1 (WB:PKD1), anti-ENH1 (WB:ENH1), and anti-a1C (WB:a1C) antibodies. Each experiment was repeated three to five times.
ENH1 and PKD1 regulates L-type calcium channel active PKD1 could phosphorylate the C-terminal domain of a1C (see Supplementary material online, Figure S3 ). Thus PKD1 could directly phosphorylate a1C to modulate the activity of L-VCC. Taken together, these results suggest that PKD1 modulates the activity of L-VCC, in a PKC-dependent manner, selectively in response to the a-adrenergic-but not to b-adrenergic-stimulation.
ENH1 is necessary for PDK1 binding to the a1C subunit of L-VCC
Anchoring proteins specifically hook kinases to their targets.
5,6 Therefore, we aimed at testing if the binding of PKD1 to L-VCC was direct or if it required ENH1, serving as a scaffold protein for PKD1. Although we have shown above that the proteins constitute a part of the same complex (Figures 2 and 3) , no indication has been given on which partners directly interact. To test this, ENH1 expression was silenced using siRNA delivered by an adenoviral vector in neonatal rat cardiomyocytes and the complex formation was analysed. First, both ENH1 messenger RNA and protein were efficiently reduced by two different siRNAs 48 h after the infection ( Figure 5A and B) . We then proceeded to the immunoprecipitation of PKD1 and a1C upon ENH1 silencing ( Figure 5C ). The presence of the binding partner after PE stimulation was used as a positive control. PKD1 or a1C could not be detected in the a1C and PKD1 immunoprecipitates obtained from the lysate of the ENH1-RNAi-treated cardiomyocytes stimulated with 20 mM PE. Thus, these results demonstrate that ENH1 was necessary for the anchoring of PKD1 to the a1C subunit of the L-VCC and suggest that this anchoring was related to a specific stimulation of L-VCC.
In order to identify which domain of ENH1 mediates its interaction with a1C, deletion mutants of ENH1 were co-expressed with the myc-tagged a1C cDNA in 293 cells. Deletion of the PDZ domain suppressed the interaction between ENH1 and a1C ( Figure 5D ). However, deletion of LIM motifs had no effect on the interaction between both proteins (data not shown). Thus, the interaction between ENH1 and a1C involves the PDZ domain of ENH1.
3.5 ENH1 is required for a-adrenergic induced increase of L-type Ca 21 currents
We found that ENH1 was necessary for anchoring PKD1 to L-VCC. Thus, ENH1 might also participate in the regulation of L-VCC activity. To test this hypothesis, ENH1 was silenced by RNAi in neonatal rat cardiomyocytes and L-type Ca 2þ currents were measured. ENH1-RNAi adenovirus infection did not significantly change the cell capacitance, 17.00 + 2.08pF vs. 16.54 + 0.85pF, mean and s.e.m, for the control (n ¼ 19) and ENH1 RNAi (n ¼ 21), respectively. Stimulation with 1 mM ISO induced a significant increase of the L-type Ca 2þ currents as measured in control conditions ( Figure  6A) . However, the increase of L-type Ca 2þ currents elicited with 20 mM PE was strongly reduced upon ENH1 silencing ( Figure 6B) . A slight increase (16%) of the L-type Ca 2þ current density after the application of PE was not significant (P ¼ 0.2).
These data are in good agreement with those using the PKD1 mutant ( Figure 4B ) and support our proposal for ENH1 being necessary for the recruitment of the signalling machinery and the regulation, upon a-adrenergic-but not b-adrenergic-stimulation, of L-VCC in neonatal rat cardiomyocytes.
Discussion
Our study identified ENH1 as a new interacting partner for PKD1 in neonatal rat cardiomyocytes. To our knowledge, this is the first report of the interaction of PKD1 with an LIM domain. Furthermore, we have found that both ENH1 and PKD1 interacted with a1C, with ENH1 playing the role of scaffold protein. We have further shown that LIM2 motif of ENH1 bound to PKD1 ( Figure 2B ) and its PDZ domain anchors a1C ( Figure 5D ). Thus, ENH1 is the scaffold that links PKD1 and a1C in a functional complex. This conclusion was supported by the data obtained using ENH1 siRNA: when the ENH1 was silenced, the complex formation was abolished. Finally, both silencing of ENH1 and expression of a PKD1 dominant negative mutant inhibited the increase of the L-type Ca 2þ currents induced by the a-adrenergic-but not b-adrenergic-stimulation. We therefore concluded that ENH1 scaffolds PKD1 to a1C which in turn is regulated by the kinase.
Immunoprecipitation results suggest that ENH1, PKD1, and a1C are pre-assembled under basal conditions (Figure 3 ), but this complex is probably not functional because neither the dominant negative mutant of PKD1 nor the ENH1 and PKD1 regulates L-type calcium channel ENH1 silencing inhibited the basal L-type Ca 2þ current. The pre-assembled complex PKD1-ENH1-a1C in the basal condition might contribute to a rapid and specific regulation of L-VCC upon stimulation. The binding between ENH1 and a1C in non-stimulated conditions was obvious, suggesting that the scaffold protein might constitutively be bound to the channel. Since upon stimulation, both ENH1 and PKD1 levels are increased, it is tempting to speculate that conformational changes might also occur: the affinity between ENH1 and PKD1 becoming more important. Other players might take part of the channel regulation, such as PKC. Upon a-adrenergic activation PKC might bind one of the LIM domains of ENH1 after translocation. 17 PKC phosphorylation of ENH1 17 could be responsible for the enhanced interactions within the PKD1-ENH1-a1C complex. Simultaneously, PKC might activate PKD1 being already bound to ENH1. Further experiments will be required to validate these hypotheses.
To investigate the role of PKD1 in the modulation of the L-VCC, we measured L-type Ca 2þ currents in neonatal rat cardiomyocytes that expressed a dominant negative mutant of PKD1. The increase of L-type Ca 2þ currents induced by a-adrenergic stimuli was inhibited by the expression of the PKD1 mutant (Figure 4) . In contrast, the b-adrenergic enhancement was not affected by the PKD1 mutant. Furthermore, PKC inhibition prevents the current increase after PE stimulation (see Supplementary material online, Figure S2 ). This result suggests that a-adrenergic regulation of the L-VCC involves both PKC, as reported previously, 27 but also PKD1, whose modulation of the L-VCC depends on PKC activity upon PE stimulation. 26 Our study provides the first evidence that PKD1 functionally regulates the activity of the L-VCC in neonatal rat cardiomyocytes. However, as the regulation of L-VCC by a-adrenergic stimulation depends on the animal species and the patch-clamp configuration, 10, 28 further experiments will be performed to verify if the regulation of L-VCC by PKD1 is a general or particular mechanism.
In vitro phosphorylation assay showed that PKD1 can directly phosphorylate the C-terminal domain of a1C. The C-terminal domain of a1C contains two serine residues occurring in a consensus site specific Ser1928 (SASLGRRAS 1928 ) and the Ser1971 (LQRSHS 1971 ). 11 Both serine residues and their context are conserved in the a1C subunit of various species, 28 suggesting that they might be important for the regulation of the channel. Further experiments will be necessary to verify if either putative or other serine residues on a1C are phosphorylated by PKD1. Ser1928 is phosphorylated by the PKA and also by various PKC isoforms. 8, 29 Nevertheless, the functional role of Ser1928 phosphorylation by PKA is still controversial. The expression in cardiomyocytes of a dihydropyridine resistant L-VCC, in which the Ser1928 has been mutated, showed that the L-type Ca 2þ current increase stimulated by b-adrenergic was not affected by the mutation. 30 However, Ser1928 might not be the only phosphorylation site necessary to regulate the activity of L-VCC. 9 Three PKC isoforms (PKCa, PKC1, and PKCz) also phosphorylate the Ser1928 in vitro and in vivo. 8 Functional evidences for the role of PKC1 and PKCbII in the modulation of the L-VCC has been previously presented. 31, 32 The approach described by Ganesan et al. 30 will be useful to clarify the role of functional phosphorylation sites a1C subunit of the L-VCC.
Similar to the overexpression of the dominant negative PKD1 mutant, the silencing of EHN1 expression inhibited the a-adrenergic increase of L-type Ca 2þ currents in neonatal rat cardiomyocytes but not the b-adrenergicstimulated increase, suggesting that ENH1 is involved in the a-adrenergic signalling pathway regulating the L-VCC. Co-expression of ENH1 and a1B, the pore subunit of the N-type voltage-gated Ca 2þ channels, in oocytes enhanced and accelerated the response of the N-type Ca 2þ currents to phorbol-ester. 19 The interaction of the N-type Ca 2þ channels with ENH1 requires its LIM2 domain. 33 Our results showed that ENH1 interacts with the L-VCC through the PDZ domain of ENH1. The C-terminal domain of a1C contains a PDZ interacting motifs (VSXL). 34 This motif has been shown to bind of the PDZ domain of Shank in neurons. 34 The PDZ domain of ENH might also bind the same motif on a1C. The PDZ interaction motif is not present in the a1B subunit of the N-type Ca 2þ channels, thus explaining the difference in the anchoring mechanism of ENH1 with the L-and N-type Ca 2þ channels. In conclusion, we have shown that ENH1 is a new binding partner of PKD1. ENH1 scaffolds PKD1 to a1C forming a signalling complex that regulates the activity of L-VCC in response to a-adrenergic stimulation in cardiomyocytes. 
